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1. Introduction
The increase in online shopping in recent years has spurred extensive study into the travel and trans-
port implications. For example, a number of studies have investigated the choice between store and
online shopping (e.g., Rotem-Mindali and Salomon, 2007, 2009). This choice has assorted transport
implications, including personal travel to conventional stores on the one hand, and the delivery of
parcels to customers on the other. However, there is an acceptance in the literature that the impact
of online shopping is very complex. In particular, in the presence of online shopping, the consumer
might make various choices and exhibit various behaviours that will make the net transport impact
hard to quantify, including trip chaining shopping frequency, physical travel to more distant physi-
cal stores that were previously unknown, and even changes in per product and per capita spending
(Mokhtarian, 2004). Single shopping trips could be fragmented into many deliveries (Cullinane,
2009), and conventional shopping trips with low congestion and environmental impact (e.g., walking
and cycling) might be replaced by a delivery service with a larger impact.
A key component of the online shopping process is the distribution of the product to the customer.
The ‘last mile’ is the final leg of distribution, in which the customer takes possession of the product.
A common way in which the product traverses the last mile is through conventional parcel delivery to
a location of the customer’s choosing. However, conventional business-to-consumer (B2C) delivery
may be unappealing to many. Failed deliveries are common. In part it stems from the frequently
arbitrary nature of the delivery time, although advanced notice of delivery and the availability of
delivery scheduling are making the delivery time more predictable and controllable, respectively.
However, even with these improvements in service level, many households struggle to have someone
available to receive the delivery, which will most likely be during business hours. These detractors act
as an impediment to further uptake of online shopping, and may make conventional store shopping
more attractive. Indeed, a number of studies have investigated the choice between store shopping,
and online shopping with delivery (Rotem-Mindali and Salomon, 2007, 2009; Hsiao, 2009). In
recent years, though, a range of alternatives to conventional delivery have become available in many
countries.
Collection/delivery points (CDPs) are locations to which parcels can be delivered, and picked up by
the customer at a more convenient time. They provide value by facilitating the exchange of goods
purchased elsewhere at a convenient location, for example in proximity to the customer’s home,
workplace, or a shopping locality they frequent. They also provide value by facilitating pickup at
a flexible and convenient time, typically by providing extended business hours, or even 24 hour
availability. The business model has been adopted in many countries, including Germany (e.g.,
DHL Packstation), the United Kingdom (e.g., CollectPlus) and The Netherlands (e.g., Kiala, see also
Weltevreden, 2008). The large increase in parcel deliveries has seen a mode shift over the last mile
of freight distribution from various modes of personal travel, associated with conventional shopping
trips, to light commercial vehicles (LCVs), delivering (or attempting to deliver) to the customer
(Mokhtarian, 2004). What we see with the advent of CDPs is a partial mode shift over the last
mile from LCVs back to the various modes of personal travel. From a transport perspective, online
shopping will now involve a nexus of the freight distribution task, and personal shopping travel both
to pick up parcels (in support of online shopping), and for conventional shopping.
In this paper, conventional parcel delivery services and CDP services will be collectively referred to
as last mile services (LMSs). The introduction of CDPs and the enhancement of delivery services in
recent years has provided shoppers with considerably more choice about how the products will be
delivered to them. This study will investigate travel behaviour responses to the presence of these new
and enhanced last mile services.
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2. Literature review and study context
Two key existing studies on CDPs, McLeod et al. (2006) and McLeod and Cherrett (2009) have
focused on vehicle kilometres travelled and emissions, comparing the environmental footprint of
LCV routing plans with personal car trips. They evaluated a number of scenarios, varying such
factors as CDP distance, delivery failure rate, and the extent of trip chaining during the pickup.
However, the mechanism they evaluated always attempted delivery first, resorting to pickup only as
a fallback. This is not the pure CDP business model that has become prevalent in many countries,
where the CDP pickup is the first and only preference, for those who elect to use a CDP. These studies
also do not consider choice of last mile delivery or pickup options from a behavioural perspective, as
the present study does.
Choosing CDPs over alternatives such as conventional delivery or in store shopping has a strong
behavioural element. The choice will be made based on some decision making rule, and we could
reasonably assume that this is utility maximising behaviour. Since use of the CDP will require some
travel on the part of the consumer, it is, in part, travel behaviour, and the travel dimensions will
form a part of the overall utility of the CDP. These travel decisions contrast with those of last mile
parcel delivery, where the transport decisions would be largely made by the carriers using vehicle
route optimization techniques. Nonetheless, the decisions by the carrier may be made to facilitate a
behavioural response by the customer to enhanced delivery features. These may include postpone-
ment of delivery, delivery over extended hours, and delivery in narrow, customer specified delivery
windows. This study will examine the choice of conventional delivery and CDP pickup from a be-
havioural perspective, linking the quality of last mile service to the probability of choosing a range
of associated travel choices.
Consumer choice of last mile services may also be constrained by other activities, some of which are
flexible, some of which are not. Arentze and Timmermans (2005) examined the impact of constraints
on conventional store shopping. They noted that as more members of the household work, and
as working hours lengthen, there may be less time available for conventional shopping (Arentze
and Timmermans, 2005), and the household will become more time constrained. Online shopping
provides great time flexibility and convenience (Mokhtarian, 2004), but inflexibility over the last mile
potentially undermines this. Counteracting this, CDPs may be successful to a large extent because
they allow the transfer of goods to be made over a greater selection of time and space. A delivery
that might not have been possible due to constraints, such as work hours, might now be possible with
a CDP as an intermediary. It should be noted that scheduled deliveries can also help overcome the
constraints, especially as the delivery windows narrow.
In practice, the distinction between constraints and preferences may not be clear to the analyst, or
indeed even to the decision maker. The delivery or pickup task might be ‘constrained’ by other ac-
tivities which are actually discretionary, and are themselves choices. If the delivery/pickup provides
enough utility, in the context of the associated product being delivered, then the other activities may
be rescheduled. This is intuitively the case for recreational activities that compete with successful
reception of parcels shopped online, however even activities that typically impose quite a hard con-
straint, such as work, might be flexible in some cases. Thus, the constraints might be ‘soft’. This
is somewhat analogous to the attribute cutoff model of Swait (2001). In that model, attribute levels
that exceed user-specified cutoffs do not lead to the elimination of an alternative, but instead can be
penalised disproportionately in terms of utility. Here, delivery/pickup alternatives that exhibit prop-
erties that will violate some perceived constraint will not be eliminated, but instead just penalised
in terms of the utility associated with the alternative. The constraints themselves will remain latent,
however various information about the individuals and households, such as work status and hours,
may provide some clues. It is important to note that in many cases, the household is the relevant
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decision making unit, as any member of the household may perform the pickup or receive the de-
livery, and the constraints will exist with respect to the household unit. Returning to the work hours
example, one household member might be heavily constrained by the work hours, but their partner
might have flexible hours, or not work at all. This study will consider the delivery/pickup decisions
of the household, rather than just the individual.
The choice of last mile services can be considered as a combination of consumer and travel choice.
Each alternative will be composed of a bundle of features that will bring (dis)utility. Consumers
and their household will be subject to various constraints in time and space, with varying degrees of
strictness for each. The household will then make choices that maximise their utility, subject to these
constraints. For pickup, a number of associated travel choices need to be made, where these will be
detailed shortly.
It is useful to clarify the context in which the LMS are provided. As product offerings may differ
across markets, this reduces ambiguity about the context of the present study. First, a purchase is
made, which requires parcel delivery. This paper focuses on online shopping, but the same delivery
could result from other purchase channels, such as phone or even store shopping. The amount of
control and level of certainty of the LMS may vary. For example, it may not be clear if advanced
notice of delivery will be provided, or if the carrier to be used can deliver to a CDP location. This
uncertainty in turn may influence the propensity to purchase online. Esper et al. (2003) found that
disclosure of the carrier and ability to choose a carrier leads to an increased willingness to purchase,
and a similar finding may reasonably extend to information disclosure and choice of last mile ser-
vices. Presently, though, we assume full certainty about the information, and full awareness of the
availability of alternatives to conventional delivery. In the absence of improved LMS, the consumer
has limited control over when the parcel will become available. Parcels will likely arrive at a time
that is dictated by the various logistics operations. The first available pickup time may not be con-
venient, nor may be the delivery time where there is no ability to schedule the delivery. Improved
LMS may allow consumers to manage their receipt of the parcels around time constraints and other
activities. In so doing, they may need to make a number of choices.
The two key choices considered in the present study are conventional delivery, and pickup from a
CDP. These choices are conditional on purchasing a product which requires some sort of delivery in
the first place. For each of these two choices, a number of further choices may exist. For delivery, if
the consumer is provided with the ability to schedule their delivery, then they must choose a day and
time from those available. They may choose from a variety of delivery locations. Home delivery is
the most common, but they may also opt for delivery to other locations, including work and a friend
or family member’s address1. Finally, a choice might be made about who would accept the delivery.
For pickup from a CDP, location will be a key choice, subject to a large enough CDP network being
available. Many different locations may be considered in practice, but this study will distinguish
between the best available alternatives in proximity to the home, the work place, and the regular
place of grocery shopping. With the flexibility in pickup time comes the decision as to the day and
time of day of pickup. In particular, the consumer might not pick up the parcel on the first available
day, due to various other constraints, or a preference for pickup on a later day. A choice may be
made regarding the integration of the pickup into existing trips. A dedicated trip may be made, or it
may be integrated into a trip chain. This choice is well recognised in the shopping travel literature.
See Mokhtarian (2004) and Dellaert et al. (1998) in the context of store shopping, and McLeod et al.
(2006) in the context of pickup from a CDP. The mode of transport to make the pickup must be
chosen. This in turn might influence the choice of location, day, time of day and trip chaining, as
these decisions may be influenced by the availability and performance of the various modes at each
1In the present study, their preferred delivery location will not be sought from the respondent.
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of these times and locations. Finally, the individual who is to make the pickup might be chosen,
where this may be a different household member to the one who purchased the product.
Existing studies on CDPs have evaluated the environmental footprint under a number of different
scenarios (e.g. McLeod and Cherrett, 2009). Some choice models have been estimated in this broad
area, both with stated preference data (Hsiao, 2009) and revealed preference data (Rotem-Mindali
and Salomon, 2007, 2009), but they focus on the dichotomy of store shopping verses online shopping
with conventional delivery. However, no studies have examined the choice of conventional delivery
and CDPs in behavioural terms.
This paper will frame parcel delivery and pickup as a set of travel choices, that are made in the
context of schedules that are often heavily constrained by work, family, recreation, and other factors.
Choice of delivery plays a role in preventing pickup trip generation, and LCV trip generation. The
timing of scheduled deliveries will have implications for carriers and last mile distribution. Choice of
pickup draws some of the last mile of distribution back away from LCV transport to personal travel.
It involves further choices of pickup location (i.e., place), scheduling/day of pickup/time of day
of pickup (i.e., time), and mode of pickup and trip chaining. The paper will investigate the ways in
which the above choices are influenced by characteristics of the delivery/pickup offerings, observable
sociodemographic characteristics of the customers, and the context of the delivery taking place. The
paper utilises an online survey of people who recently shopped online. The survey contained a stated
choice experiment, in which the choice tasks contained one delivery alternative, and up to three
pickup alternatives, one each near the respondents’ home, work, and regular shopping destination.
Each alternative was described by a range of attributes focusing on quality, pickup location, and
cost. By using the days subsequent to the survey as a reference point that might embed various
latent constraints, respondents were asked additional choices regarding their choice of travel mode,
trip chaining, and trip timing. Whereas Collins (2015) used the same survey to investigate possible
environmental impacts, this paper will place more focus on the various travel and activity choices
that can be made when flexible delivery and pickup services are made available.
3. Data
This paper utilises data collected from a survey that was run in Sydney, Australia in June 2014. The
survey was conducted online, with respondents recruited through an online research panel. To be
eligible for the survey, respondents had to be 18, live in the Sydney metropolitan area, and have
had at least one parcel delivered for non-work purposes in the most recent 12 months. After some
respondents were omitted due to concerns about excessively fast survey completion, a sample of 504
respondents remained. Good coverage was achieved in terms of geographic spread over the Sydney
region, and the sample was broadly representative in terms of gender and age. The survey contained
questions on household composition, the frequency with which someone in the household is at home
through the day, regular and online shopping patterns, work status and hours, car availability, work
and regular grocery shopping location, and socio-demographic characteristics. Some of these re-
sponses might provide some indication of the extent to which the respondents are constrained in their
choices associated with LMS.
Survey responses reveal a wide range of use of parcel delivery and of CDPs. The average number
of parcel deliveries per year was 14.6, with a large standard deviation of 18.4, and a maximum of
168. 2 In terms of CDP usage, prior experience with most CDP providers ranged from 12.7 to 18.1
percent, with the exception being Australia Post Parcel Collect, at 47.2 percent. Whilst this is likely
to be the most popular market offering, some respondents may have confused this pure CDP service
2Notably, one respondent had 150 deliveries of clothes and/or shoes.
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with a hybrid approach that Australia Post also facilitate, where parcels are collected from Australia
Post facilities after a delivery attempt has failed. Nonetheless, the exposure to any form of CDP by
51.2 percent of the sample suggests a moderately high familiarity with the CDP concept.
Stated choice methods work by presenting decision makers with a set of hypothetical alternatives,
and asking them to make a choice between them. Multiple such choice tasks are typically presented
to every decision maker. The choice tasks form a key part of this survey, as they facilitate choice
between alternative hypothetical delivery and CDP offerings, and allow systematic influences on the
associated choices to be modelled. An example choice task is presented in Figure 1.
Figure 1: An illustrative choice task
First, the scenario surrounding the choice task was framed. Each of the six choice tasks presented
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to the respondents involved the hypothetical recent purchase of a particular good that needed to be
either delivered or picked up from a CDP. Three broad types of goods were presented with two choice
tasks apiece, where they differed by weight and value: a bulky item worth about $80AUD, a book
worth about $45, and a non-bulky electronic item worth about $500.
Four elemental alternatives were presented: delivery, pickup from home, pickup from work, and
pickup from the respondents’ regular grocery shopping location. If neither they nor their partner
worked, the work alternative was omitted. The respondents were asked to only consider the three
or four alternatives presented, and not consider any real market offerings available to them. Three
distinct CDP locations were potentially presented because it is likely that each of these would be
integrated into daily travel patterns in different ways, and thus the behavioural response to changes
in CDP location, quality and price may differ accordingly.
Of the further questions asked of the respondents within each choice task, three are of particular
interest in this study. The first two of these were only asked in choice tasks in which one of the
pickup alternatives was selected. First, they were asked whether they or someone in their household
would make a dedicated pickup trip, or whether they would try and include it in an existing trip
(Figure 1, question e). Second, they were asked the mode of transport they would use for the pickup:
car, walk, bike or public transport (Figure 1, question f). The third question, the day of delivery or
pickup (Figure 1, question c), was only asked if they selected pickup or delivery with a scheduling
option. It is reasonable to expect that these decisions will not always be the same, as circumstances
and constraints in the household will vary day to day and week to week. Thus, part of the scenario
formation in this study was for the survey software to pick a random day over the next week from
which the parcel becomes available for delivery or pickup. The respondent can thus answer these
supplementary questions subject to whatever constraints they may have in the days subsequent. Thus,
whilst the choice alternatives remain purely hypothetical, the personal constraints that may very well
influence the choice of delivery or CDP remain real and consideration of these was encouraged.
Each of the alternatives were described by various attributes, where each can assume a number of
possible levels or states. The attributes and their levels are listed in Table 1. The range of possible
delivery charges depended on whether the scenario was for the delivery of a book (lower range),
or bulky items or an electronic item (higher range). The distances of the CDPs were shorter from
work than from home. Constraints were imposed on the delivery quality attributes, so that the ‘no
advanced notice’ and ‘morning notice of delivery’ attribute levels for delivery day only coexisted
with the ‘no choice’ level for the time window. The option of Saturday delivery was only possible
with two hour time windows. The experimental design, which determines the specific combinations
of attribute levels to present in each choice task, was generated with the Ngene software package,
optimising the d-error of the design (Rose and Bliemer, 2009).
4. Methodology
This paper will utilise an error components logit (ECL) model. For a more detailed exposition of this
model, the reader is referred to Train (2009). The objective is to estimate a model that can explain the
choices between a set of J discrete alternatives, for a sample of N decision makers. Each decision
maker n will derive some utility Unj from each alternative j, where
Unj = β
′xnj + µ′nznj + nj . (1)
In this generalised utility function, xnj and znj are vectors of observed variables related to alternative
j and decision maker n, β is a vector of fixed coefficients representing the tastes of the sample as a
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Table 1: Attribute levels in choice tasks
Attribute Delivery CDP Attribute levels
Delivery charge x x $4.00 AUD; $5.00; $6.00; $7.00 (books).
$8.00; $9.50; $11.00; $12.50 (bulky or electronic items).
Delivery day x No choice, next 3 weekdays, no advanced notice;
No choice, next 3 weekdays,
morning notice of delivery that day;
Choice of 1 of the next 5 weekdays;
Choice of 1 of the next 5 weekdays, or Saturday.
Time window, weekdays x No choice, 9am-5pm;
Choice of a 4 hour window (9am-1pm or 1pm-5pm);
Choice of a 2 hour window (8am-10am, . . . , 4pm-6pm);
Choice of a 2 hour window (6am-8am, . . . , 4pm-6pm);
Choice of a 2 hour window (8am-10am, . . . , 6pm-8pm);
Choice of a 2 hour window (6am-8am, . . . , 6pm-8pm).
Time window, Saturday x Blank;
Choice of a 2 hour window (10am-noon, . . . , 2pm-4pm).
Days before returned to sender x 2 days; 4 days; 7 days; 14 days.
Opening hours (7 days/week) x 9am-6pm; 9am-9pm; 7am-6pm; 7am-9pm; 24 hours.
Distance from home/work x 0.5km; 1.0km; 1.5km; 2.0km (home).
0.3km; 0.6km; 0.9km; 1.2km (work).
Parking x Easy at all times;
Difficult some of the time;
Difficult most of the time.
Locker or service point x Locker; Service.
whole, µn is a vector of random terms with zero mean, and nj is an independently and identically
distributed (IID) extreme value error term representing unobserved influences on choice.
Vector µn varies over the decision makers with density f(µ), and represents the ‘error components’
(ECs). It is typically specified as a normal distribution, and relaxes the IID restriction imposed by
the multinomial logit model. By introducing the normal disturbances into subsets of alternatives, the
unobserved component of utility can be correlated across alternatives. This can result in potentially
more realistic substitution patterns between the alternatives, such that as the probability of one al-
ternative changes due to a change in some systematic influence on utility, the percentage change in
probability of the remaining alternatives need not be identical. Instead, some alternatives may draw
disproportionately.
It is necessary to integrate over the two densities, f(µ) and nj . Integration can be performed ana-
lytically for nj . The choice probability for alternative i conditional on any given values of µ can be
expressed as
Lni(µn) =
eβ
′xni+µ′nzni∑
j e
β′xnj+µ′nznj
. (2)
Integration of f(µ) is typically performed with simulation, resulting in a choice probability of
Pni =
ˆ (
eβ
′xni+µ′nzni∑
j e
β′xnj+µ′nznj
)
f(µ)dµ. (3)
We employ Halton draws to boost the efficiency of the simulation, and have selected 500 draws.
Stated choice datasets typically contain multiple observations per respondent. The panel nature of
these data can be accommodated in the ECL model. Consider a sequence of alternatives being
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observed across T choice tasks, {i1, . . . , iT }. The probability of this sequence being observed is
Ln{i1,...,iT }(µn) =
T∏
t=1
eβ
′xnitt+µ
′
nznitt∑
j e
β′xnjt+µ′nznjt
, (4)
and after integration of f(µ), the final choice probability becomes
Pn{i1,...,iT } =
ˆ ( T∏
t=1
eβ
′xnitt+µ
′
nznitt∑
j e
β′xnjt+µ′nznjt
)
f(µ)dµ. (5)
A simulated log-likelihood (SLL) function can be expressed as
SLL =
N∑
n=1
dn{i1,...,iT }lnPn{i1,...,iT }, (6)
where dn{i1,...,iT } is an indicator variable, set to one if respondent n chooses the sequence of alterna-
tives {i1, . . . , iT }. The model can be estimated by maximising this SLL.
Several points need to be made regarding the specification of the utility functions in the models to be
estimated. Not all of the attributes of the choice alternatives entered into xnj will directly correspond
to the attributes and levels specified in Table 1. Some will be recoded to get the most meaningful
outputs and model fit. Population density (a characteristic of the decision maker and their household)
will also be employed, as will the type of good specified in the scenarios used to frame the choice
tasks (e.g. bulky goods), and whether both the survey respondent and their partner (if applicable)
both work.
Whilst the choice tasks contained either three or four elemental alternatives (depending on work
status), the models presented herein will contain up to 21 alternatives, such that each alternative
represents a combination of choices associated with the delivery or pickup. The delivery alternative
is split into three alternatives: one for the delivery alternative where scheduling is not available, and
two where scheduling is available. These later two alternatives are distinguished by whether the
respondent chose to schedule the delivery immediately, on the first available day, or on a subsequent
day. The three possible elemental pickup alternatives represent the pickup location: near home, work
and shopping. Each of these were split into six alternatives, four of which represented travel by car,
and two of which represented travel by other modes including walking, cycling and public transport.
The car alternatives were further split based on whether the respondent indicated they would make a
dedicated trip for pickup, or try and include the pickup in an existing trip. These three alternatives
(car dedicated, car chained, other mode) were then each split based on when the pickup would be
made: the first day available, or on a subsequent day.
This choice set structure allows different utility functions to be employed for each combination of
choices, such that the systematic influence on each choice or combination of choices can be modelled.
Note though that the attributes of the choice alternatives will be the same across all ‘splits’ of the four
elemental alternatives. Whether or not the parameters estimated against the attributes are specified
as generic across all or any of the sub-alternatives of each elemental alternative will be determined
empirically. In this way, we can determine whether the attributes influence some of the associated
choices. It is highly likely that beyond these systematic sources of utility, there will remain unob-
served sources of utility that are correlated across alternatives. For example, a given respondent may
be more likely to substitute immediate pickup from one CDP location for immediate pickup from
another location. The estimation of an ECL model allows these complex substitution patterns to be
handled, in a more flexible way than, for example, the ubiquitous nested logit model. The specific
structure of the model to be estimated, including the structure of the multiple error components, will
be documented in the results tables in the next section.
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5. Results
This paper presents a single ECL model, which is reported in Tables 2 and 3. The first three columns
contain the parameter descriptions, parameter coefficients, and associated t-ratios. The remaining
columns indicate the alternatives in which each parameter enters the utility expressions of the choice
models, providing an unambiguous specification of the model’s structure. As described previously,
each alternative is a composite of the choice of the three or four elemental alternatives presented in
each choice task, and the associated mode, trip chaining and scheduling decisions. Table 2 reports
the parameters associated with the attributes of the choice alternatives, and the parameters associ-
ated with various sociodemographic characteristics and choice task scenarios. Note that many of the
attributes and sociodemographic characteristics enter the model via more than one parameter, with
each parameter spanning a different set of alternatives. An extensive specification search was per-
formed to determine the most appropriate utility expressions. Table 3 reports the alternative specific
constants and the error component parameters.
The MNL model, with the same specification of systematic utility, but an absence of error com-
ponents, will be treated as a baseline. With 45 parameters estimated, the MNL model has a log
likelihood of −6141.25, and a normalised AIC of 4.091. By comparison, the ECL model has 52
parameters, a log likelihood of −5224.58, and a normalised AIC of 3.490, representing a clear im-
provement in model fit.
The ECL model allows multiple subsets of alternatives to be grouped, such that correlation in the
unobserved effects can be correlated between the alternatives in each group. In all, seven error
component groups were specified, and found to be significant. These groupings have some intuition,
as they are linked to some of the decisions that are being made. These include delivery verses
pickup (Delivery, see Table 3), scheduling and the willingness to delay reception of the parcel (Later
delivery/pickup), CDP location (Home pickup, Work pickup, Shopping pickup), mode (Car pickup),
and trip chaining (Dedicated car pickup). For many of the parameters, the t-ratios are larger in the
ECL model than the corresponding MNL model.
Next, influence of the attributes, sociodemographics and scenarios are explored. The cost parameters
are negative, and highly significant, as expected. The first is associated with all delivery alternatives,
the second with all pickup alternatives. Respondents are more sensitive to the delivery cost, with the
difference being small but significant. The cost coefficient allows us to generate willingness to pay
measures, however the focus of this paper will instead be on the systematic influences on the many
decisions associated with deliveries and pickups.
Sensitivity to the delivery time windows are only estimable in the two delivery alternatives in which
scheduling is possible. Against the base level of two hour delivery windows, the four hour window
parameter is negative in sign, while late delivery (from 6 to 8pm) is positive. Clearly then, as the
delivery service becomes more precise and flexible, more will choose these services over other al-
ternatives. The Saturday delivery option is viewed favourably, however the positive coefficient is
only significant for the later delivery alternative. This leads to the plausible finding that a Saturday
delivery option will lead some to delay their scheduled delivery to a more convenient time.
Of interest is from what alternatives customers will be drawn, when Saturday delivery is made avail-
able. Here, the complex error structure might play a key role in determining the substitution patterns.
To test the impact of introducing Saturday delivery, two scenarios are generated and compared. In the
first scenario, Saturday deliveries were made unavailable for all schedulable delivery alternatives3.
3Note that the scenario is run in sample, and so retains many delivery alternatives where delivery scheduling is not available.
Also note that the scenarios are evaluated in the context of an uncalibrated stated choice survey. Therefore the changes in
choice probabilities are more informative than the specific probabilities themselves.
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In the second scenario, Saturday deliveries were introduced. The results are reported in Table 4,
presented as before and after choice shares, plus the change in shares for each alternative. It can be
observed that later delivery increased by 4.01 percent in absolute terms, from 15.46 to 19.48 percent.
To a large extent, this was drawn from immediate delivery, curtailing the increase in delivery market
share. However, the remaining 1.63 percent was drawn from various CDP alternatives. Notably, later
pickups decreased by 0.97 percent, while immediate pickups decreased by a lesser amount, 0.66 per-
cent. This suggests that those who switch to delivery from CDP in response to Saturday delivery are
more likely to do so if they were already delaying their pickup.
Table 4: Saturday delivery scenario
Alternative Choice shares (%)
Saturday delivery?
No Yes Change
Delivery Scheduled Im. 28.20 25.82 -2.38
" " La. 15.46 19.48 4.01
" Unscheduled 10.23 10.23 0.00
Pickup Home Car Dedicated Im. 3.25 3.19 -0.06
" " " " La. 2.39 2.28 -0.11
" " " Chained Im. 2.73 2.66 -0.07
" " " " La. 1.90 1.79 -0.11
" " Other Both Im. 3.99 3.86 -0.13
" " " " La. 2.21 2.04 -0.17
" Work Car Dedicated Im. 1.57 1.55 -0.03
" " " " La. 1.21 1.16 -0.05
" " " Chained Im. 1.98 1.94 -0.04
" " " " La. 0.65 0.62 -0.03
" " Oth. Both Im. 4.39 4.26 -0.13
" " " " La. 0.98 0.91 -0.06
" Shop Car Dedicated Im. 3.73 3.67 -0.06
" " " " La. 2.86 2.75 -0.11
" " " Chained Im. 3.48 3.41 -0.07
" " " " La. 4.62 4.39 -0.23
" " Other Both Im. 2.79 2.71 -0.08
" " " " La. 1.37 1.29 -0.09
Returning to Table 2, consider now the impact of increasing for the CDPs the number of days before
which a parcel is returned to sender (RTS). For CDP pickup from home, a negative coefficient for
all immediate pickup alternatives suggests that the longer the customer has before they have to pick
up the parcel from a CDP near their home, the less likely they are to pick up the parcel on the
first day. For work and shopping pickup, increasing the number of days before RTS will make it
more likely that they will pick up the parcel on a subsequent day, using a chained car trip. This is
particularly plausible for shopping pickup, as there will be a greater ability to integrate the pickup
into a regular shopping trip. This result suggests that there is some latent desire to integrate the
pickup into existing travel. However, these existing trips may be some time after the parcel is first
available, and an appropriate RTS policy is required to allow such integration.
The effect of distance of the CDP from home or work is present predominantly for the other modes of
transport: walking, cycling and public transport. This may in part be a consequence of the distances
tested in the choice task, which had a maximum of 2 kilometres. For home based pickup, distance
only had a negative impact on choice of the other modes. For work based pickup, the sensitivity
was over twice as strong, and was also present for car trips (both dedicated and chained) that take
place later. For shopping based pickup, distance only has an impact on choice of the other modes.
There is a greater sensitivity for immediate trips, which is in contrast with work pickup. This is quite
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plausible, as while separate dedicated/existing alternatives are not modelled for the other modes, a
later trip is likely to be part of existing travel.
While distance has limited impact on the choice of driving, the quality of parking has a more consis-
tent impact. If parking is ever difficult (i.e difficult some or most of the time) at the home CDP, then
the respondent is less likely to make an immediate car trip. It appears that difficult parking curtails
the urge to pickup the parcel immediately. By contrast, poor parking has a uniform (and more mod-
erate) impact on car pickup from work, irrespective of the trip chaining and timing decisions made.
The pattern with which parking influences shopping based CDP pickup is similar to home pickup,
having an influence only on immediate car pickup. Unlike home pickup, however, the level of impact
is linked to the severity of the parking difficulties, with a greater response when parking is difficult
most of the time, compared to difficult some of the time. The disutility of parking being difficult
most of the time is more than twice that when parking is difficult just some of the time.
Table 5 reports a scenario in which parking at home CDPs worsens from never being difficult, to
being difficult some or most of the time. In total, immediate car pickups from home nearly halve,
decreasing from a share of 8.16 to 4.58 percent, which is a decrease of 3.59 percent in absolute
terms. These car trips are offset by later car trips by only 0.49 percent (up from 3.9 to 4.39 percent).
In terms of the shift to other CDP locations, and pickup from home by other modes, a clear pattern
emerges in terms of a preference for maintaining immediate pickup. Across these alternatives, the
aggregate increase in immediate pickup is 1.42 percent in absolute terms, while the increase for
later pickups is only 0.47 percent. In part this reflects differences in aggregate shares in the before
scenario, however in relative terms, immediate pickups increase by 6.8 percent, while later pickups
increase by just 3.52 percent. A similar pattern emerges for the increase in delivery. The share of
immediate deliveries increases by 0.77 percent in absolute terms, while later deliveries increases by
just 0.25 percent. These findings show that in the face of worsening parking at the CDP near home,
there is a propensity to maintain the immediate acquisition of the parcel, just with a shift to different
modes, locations, or even delivery.
Perhaps surprisingly, late CDP opening hours (i.e. open after 6pm) only have an influence on choice
of shopping pickup, where it might reasonably be expected to influence home pickup in particular.
The positive influence on choice probability is present for all immediate shopping trips, and addi-
tionally for later chained trips. The immediate trips finding has behavioural appeal, as they might go
to their shopping location after they work or have other commitments. The later chained trips are
likely to be part of a trip in which some grocery shopping is also performed.
Consider now the influence of the household composition on the choice of LMS. Existing studies
have found that work participation and hours impact on the amount of time available for conventional
shopping (Arentze and Timmermans, 2005), and so work participation might influence the assorted
choices associated with parcel delivery and pickup. A dummy variable, ‘Both work’, is generated,
which is set to one if both the survey respondent and their partner work, or if they work but don’t
have a partner. These dual income households are less likely to choose an unscheduled delivery. This
is plausible, as it is less likely that someone will be home in these households during conventional
delivery hours, and the uncertainty of delivery time is also a deterrent. When scheduling is available,
the results indicate that dual income households are less likely to schedule immediate delivery. Such
households may be more time constrained, and delayed delivery might tessellate better with their
schedule. Dual income households are more likely to pick up the parcel from home later, irrespective
of travel mode or trip chaining. Again, this might be a consequence of a tight schedule. The results
show that work pickup is appealing for dual income households. In contrast to delivery and home
pickup, there is no differential between immediate and later acquisition of the parcel. When picking
up parcels from their regular shopping destination, dual income households are less likely to make
the trip immediately, especially by non-auto modes. Additionally, they are more likely to make a
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Table 5: Parking scenario
Alternative Choice shares (%)
Parking ever difficult
at home CDPs?
No Yes Change
Delivery Scheduled Im. 26.70 27.47 0.77
" " La. 17.06 17.30 0.25
" Unscheduled 10.13 10.33 0.20
Pickup Home Car Dedicated Im. 4.40 2.52 -1.88
" " " " La. 2.16 2.46 0.29
" " " Chained Im. 3.76 2.06 -1.71
" " " " La. 1.74 1.93 0.19
" " Other Both Im. 3.74 4.07 0.34
" " " " La. 2.08 2.16 0.08
" Work Car Dedicated Im. 1.45 1.62 0.16
" " " " La. 1.15 1.21 0.06
" " " Chained Im. 1.86 2.02 0.16
" " " " La. 0.62 0.64 0.03
" " Oth. Both Im. 4.24 4.38 0.14
" " " " La. 0.94 0.95 0.01
" Shop Car Dedicated Im. 3.50 3.81 0.32
" " " " La. 2.73 2.85 0.12
" " " Chained Im. 3.30 3.53 0.23
" " " " La. 4.42 4.57 0.15
" " Other Both Im. 2.71 2.78 0.07
" " " " La. 1.32 1.34 0.02
dedicated car trip later.
As population density increases around the home, work or shopping CDP locations, so does the
propensity to choose other modes. The influence is stronger for shopping trips than for trips from
work or home. Collins (2015) considered some reasons why this might be the case. From a supply
perspective, areas with higher population density are more likely to have better public transport
supply, and walking and bicycling infrastructure. Households in these higher density regions may
habitually use these other modes more, in part because there are more trip attractions in the vicinity.
Finally, home and work self-selection may be at play, in which those who value the other modes
more may locate themselves in areas that better support such modes.
Finally, in the choice tasks with a bulky parcel scenario4, respondents displayed a clear aversion to
other modes of travel to all CDP locations. In contrast, no specific response to delivery of a book or
an expensive electrical item was detected. Overall though, this evidence suggests that the nature of
what is being delivered may have an impact on choice of LMS.
6. Discussion and conclusion
One aspect of this study is the way in which the various travel choices associated with parcel delivery
are modelled. The approach taken is to treat these as joint choices, by representing each combination
of choices as an alternative. This has been done in a stated choice context, in which many of the
resultant alternatives will have the same attribute levels. However, the sensitivity to these attributes
4The following examples of bulky items were offered to the respondents: “a household item, a sporting item, or a six pack
of wine”, and it was indicated that the parcel would weigh about 8 kilograms, and so not be easy to carry.
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is allowed to vary across the various choices. Notably, some of the sensitivities which were detected
in this study were not detected in simpler models that included fewer choices. In the simpler model,
the systematic response for some sub-choices was likely flooded by an insensitivity for many of the
sub-choices. So, the joint choice approach not only allows for more sensitivities to be identified, but
provides much richer behavioural insight.
In the present modelling context, the ECL model is highly appropriate, as it allows for a very flexible
correlation structure in the unobserved effects. In particular, the error components that span each of
the alternatives associated with each choice suggests that there is some residual preference for each
choice that is not captured systematically in the model. Some form of cross-nested logit model (e.g.
Wen and Koppelman, 2001) could also accommodate these complex substitution patterns, however
the ECL model can easily be extended to handle random preference heterogeneity under the same
modelling framework, and importantly, can handle the panel nature of the stated preference data
employed.
This study has recognised that there are numerous travel decisions that come into play when alter-
native LMSs are evaluated and chosen by consumers. The findings suggest that there are complex
interactions between the various travel decisions that are made as competing LMSs are chosen. The
delivery/pickup choice is important, as it results in a very different outcome in terms of who is travers-
ing the last mile, and how. Delivery will be undertaken with light commercial vehicle by carriers,
while pickup will be undertaken by the customer, using one of various modes of transport. Delivery
and pickup alternatives have quite different attributes, although a late delivery option is analogous to
the availability of pickup at late hours. If delivery scheduling is available, then as with pickup, the
delivery can be delayed to a more convenient time.
If a CDP is chosen, then in the presence of a sufficiently large CDP network, it may be visited in a
number of different ways, including by a home based trip, a work based trip, and at a regular shop-
ping destination. These different CDP locations may be integrated into a household’s overall travel
patterns in very different ways. The results have indicated that this location distinction is important,
as there are large, location specific differences in sensitivities to the same attributes, and differences
also across different household types. Differences are observed for cost, distance, parking, late open-
ing hours, and dual income households. In terms of pickup mode choice (car/other), differences in
sensitivity were observed for distance and parking, and were moderated by population density. The
choice of car combined with the choice of dedicated/chained trip has implications for congestion
and the environment. Distinct sensitivities were detected between dedicated and chained trips for
days before RTS for the work and shopping CDPs. Finally, the decision of immediate verses later
pickup/delivery is of interest because later pickup suggests that other activities are taking precedence,
and because it is for the later deliveries and pickups that enhanced LMSs are likely to cater. Different
sensitivities were observed for RTS, parking and dual income households.
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